




































































































































































































for parabolic channel:

~ K2 = 2/5, and the area ratio A1/A2 = (Y1/Y2) 1.5

I<l

{Y2/Yl}2.s -1 = 2.5 Fr2[1 -{Yl/Y2}1.5]

or .4(J.. -Jl.5)/(Jl.5 -1)].5 .VI-SFr =

using ~e hy~raulic depth Ym in the Froude number

expressl.on gl.ves:

Fr = [.6(JIt -Jl.5)/(Jl.5 -1)].5 .VI-6

figure VI-6 is a plot of these relationships, again using a
scale adjustment for the hydraulic depth.

For circular channels:

Figures VI-7 and VI-8 are the design charts for horizontal
circular channels using the hydraulic depth and actual depth
in computing the Froude numbers .

For circular channels, it is necessary to consider two
cases, where Y2 is greater than D, and where Y2 is less

than D.

For Y2 less than D

..VI-7

and for Y2 greater than or equal to D

. .Vl-8

c and K are functions of y/D and may be evaluated from the

following table:

TABLE VI-l

1.0
.500
.748

0.5
.424
.393
1.0

y/D

K

C

C1

The C' values are used in converting the Froude number
Fr = V/lgy, to Frm = V/~ 0 Where Ym = (C/C' )Do

VI-7

0.8
.462
.674
.800

0.9
.473
.745
.600

0.6
.432
.494
.980

0.7
.445
.587
.917

0.3
.416
.198
.917

0.4
.419
.293
.980

0.1
.410
.041
.600

0.2
.413
.112
.800









-ws with Froude numbers belo,y 1.7 may not require stilling
~l~ins but may require protection such as riprap and wingwalls
~ad apron. For Froude numbers between 1.7 and 2.5, the free
~n basin may be all that is required. In this range, loss
J~~nergy is less than 20 percent; the conjugate depth is
Ob ut three times the incoming flow depth; and, the length
afObasin required is less than about 5 times the conjugate
~epth. Many highway culverts operate in this flo~l range.

~ Prob~

~5 an example, consider a 7-foot wide box culvert discharging
.400 cfs on a 0.2 percent slope. Outlet flow conditions are:

VI = 19 fps
Yl = 3.0 feet
Fr = 1.9

For these conditions, in a rectangular basin, the
conjugate depth required is:

J = Y2/Yl = 2.2,

Y2 = 2.2(3.0) = 6.6 feet

Length of jump, Lj: (Figure VI-ll)

Lj/yl = 9.0
Lj = 3.0(9.0) = 27.0 feet

After jump velocity,

Velocity reduction is more than 54%.

V(in) = 19 fps
V(out) = 8.7 fps

These answers could also be obtained using figure VI-2l.

It is always advisable to investigate the operating character-
istics of the dissipator selected over the range of flows
expected. This involves developing a downstream rating curve



for the natural channel (Q vs. stage curve) and comparing
this with the sequent depth requirements. In the previous
example, the downstream channel has a 10-foot bottom, is
trapezoidal with 2 to 1 side slopes, and n = 0.03. The bottom
slope changes to 0.0004 ft/ft at the culvert exit. The
dissipator is on this new slope. The normal depth values
for, the various discharges can be readily obtained from HDS
No.3 (III-A-l) or table 111-1.
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The sequent depth values are obtained by ap,plying the same
process used to determine the design sequent depth above.
These values are plotted in the figure above. This plot
indicates excess tailwater depth is available in the down-
stream channel for discharges up to approximately 480 cis.
Beyond this point, the .jump would begin to move downstream
out of the basin.

HYDRAULIC JUMP EXPRESSIONS--SLOPING CHANNELS

Figure VI-14 from reference (VI-3) , indicates a method of
delineating hydraulic jumps in horizontal and sloping
channels. Case A was analyzed in the previous section, and
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Figure VI-1S and 17. Several trials will usually be required
onfore the slope and location of the apron are compatible
~7th the hydraulic requirement. It may be necessary to raisc
Wl

l ower the apron, or change the original slope entirely.
or

3. The length of the jump for maximum or partial flows
an be obtained from Figure VI-18. The portion of the jump

~o be confined on the stilling basin apron is a decision
for the designer. The average overall apron averages 60
oercent of the length of jump for the maximum disc~arge condi-
tion. The apron may be lengthened or shortened, depending
upon the quality of the rock in the channel and other local
conditions. If the apron is set on loose material and the
downstream channel is in poor condition, it may be advisable
tO make the total length of apron the same as the length of

jump.

4. With the apron designed properly for the maximum
discharge condition, it should then be determined that the
tailwater depth and length of basin available for energy
dissipation are sufficient for, say, 1/4, 1/2, and 3/4
capacity. If the tailwater depth is sufficient or in excess
of the jump height for the intermediate discharges, the design
is acceptable. If the tailwater depth is deficient, it
may then b;e necessary to try a flatter slop~ or reposition
the sloping portion of the apron for partial flows. In other
words, the front of the jump may remain at Section 1 (Figure
VI-14), move upstream from Section I, or move down the slope
for partial flows, providing the tailwater depth and length
of apron are considered sufficient for these flows.

5. Horizontal and sloping aprons will perform equally
well for high values of the Froude number if the velocity
distribution and depth of flow are reasonably uniform on
entering the jump.

6. The slope of the chute upstream from a stilling
basin has little effect on the hydraulic jump when the
velocity distribution and depth of flow are reasonably
uniform on entering the jump.

7. A small solid triangular sill, placed at the end
of the apron, is the only appurtenance needed in conjunction
with the sloping apron. It serves to lift the flow as it
leaves the apron and thus acts to control scour. Its
dimensions are not critical; the most effective height is
between O.O5(y2) and O.lO(y2) with a face slope of 3:1 to
2:1.

VI-15



8. The approach should be designed to insure symmetrical
flow into the stilling basin. (This applies to all stilling
basins.) Asymmetry produces large horizontal eddies that
can carry riverbed material onto the apron. This material,
circulated by the eddies, can abrade the apron and appur-
tenances in the basin at a very surprising rate. Eddies
can also undermine wing walls and riprap.

.
t
;

!

9. A model study is advisable when the discharge
exceeds 500 cfs per foot of apron width, where there is
any form of asymmetry involved, and for higher values of
the Froude number where stilling basins become increasingly
costly and the performance less acceptable.

JU~P EFFICIENCY

(HL/HlA general expression for the energy loSS

shape channel is:

in any

.VI-12

Where Fr is the upstream Froude number at section one:

Fr2 = V2/gyml Ym is the hydraulic depth

This equation is plotted for the various channel shapes as
Figure VI-20.

Even though this figure indicates that the nonrectangular
sections are more efficient for the higher Froude Numbers,
it should be remembered that these sections also involve
longer jumps, stability problems, and a rough downstream
water surface.

t
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U.S. Bureau of Reclamation, DESIGN-bF SMALL DAMS,
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